Management of herbicide-resistant weed beet: a simulation study by Tricault, Yann et al.

 1 
Italian Journal of Agronomy 
Rivista di Agronomia 
 
An International Journal of Agroecosystem Management 
 
July-September 2008 Supplement Issue Vol. 3, No. 3 Suppl. 
 
 
Contents  
 
1. AGRICULTURE TO PRESERVE ENVIRONMENT  35 
1.1 LAND AND WATER CONSERVATION  36 
1.1a Erosion Control; Point and Diffuse Pollution Control 
(Phytodepuration, Phytoremediation and other Techniques) 
36 
Keynote Speaker: Markus Flury  
Soil and its Importance for Human Civilizations  
Markus Flury  
39 
Oral   
Application of a Crop-Farm-Indicators Modelling Chain to Assess the Impact of 
the EU Nitrate Directive in the Midi-Pyrenees Region  
Belhouchette H., Louhichi K., Flichman G., Therond O., Wery J.  
41 
Quantitative Parameters for the Evaluation of Cover Crop Performance in 
Relation to Soil Cover and Rooting Dynamics  
Bodner G., Himmelbauer M., Loiskandl W., Kaul H.P.  
43 
Water Infiltration and Soil Losses in a Permanent Bed Irrigated System in 
Southern Spain  
Boulal H., Gómez-Macpherson H., Gómez J.A.  
45 
Sod Seeding and Soil Erosion in a Semi-Arid Mediterranean Environment of 
South of Italy  
Cosentino S., Mantineo M., Copani V.  
47 
Irrigated Agriculture and Urban Waste Water: the Cases of Bean and Tomato  
D’Andrea L., Campi P., Palombo A.D., Convertini G., Ferri D., Mastrorilli M.  
49 
 31 
Land Suitability and Potential Yield Variations of Wheat and Olive Crops 
Determined by Climate Change in Italy  
Mereu V., Iocola I., Spano D., Murgia V., Duce P., Cesaraccio C., Tubiello F.N., 
Fischer G.  
797 
Modelling Yield and Yield Loss Distribution on European Scale  
Moriondo M., Bindi M., Iugeri N.  
799 
Impact of Climate Change on Grapevine (Vitis Vinifera L.) at regional Scale 
Phenology, Yield and Biotic Stress Responses  
Moriondo M., Bindi M., Trombi G.  
801 
Climate Change Impacts on the Guadiana River Basin: a Preliminary Study to 
the Adaptation Strategies  
Orioli L., Moriondo M., Brandanti G., Bindi M.  
803 
Simulating Changes of Organic Carbon Content in Soil Following Tillage 
Intensity and Fertilizer N Rate Reduction  
Ponzoni G., Marchetti R., Roggero P.P., Iezzi G., Seddaiu G., Corti G., 
Francaviglia R.  
805 
Best Practices in Agriculture: The Code of Attitudes to Prevent Mutual Impact 
Between Agriculture and Climate Change  
Rossi F., Di Virgilio N., Dall’Olio N.  
807 
Agro-Environmental Approach and Management of Mediterranean 
Archaeological Areas  
Rossi Pisa P., Bitelli G., Bittelli M., Catizone P., Ferroni L., Speranza M., 
Vignudelli M., Marchetti N.  
809 
Sources of Uncertainties in a Range of ETo Projections under Climate Change  
Ruiz-Ramos M., del Valle D., Mínguez M.I.  
811 
Sources of Uncertainties in Projections of Climate Change Impacts in Cropping 
Systems  
Ruiz-Ramos M., Mínguez M.I.  
813 
The Effect of Weather Conditions During the Growing Period on Potato Plant 
Development and Chlorophyll a Fluorescence Activity  
Rykaczewska K., Pietkiewicz S., Hazem Kalaji M.  
815 
Simplified Phenological Models for Open Field Tomato in Sardinia  
Salis M., Farci R., Doro L., Urracci G.R., Ledda L.  
817 
Assessing Farmers’ Adaptation Capacities and Land Use Changes in Response 
to Forest Conservation in Madagascar  
Toillier A., Lardon S.  
819 
Management of Herbicide-Resistant Weed Beet: a Simulation Study  
Tricault Y., Sester M., Darmency H., Angevin F., Colbach N.  
821 
Management of Herbicide-Resistant Weed Beet:  
a Simulation Study 
 
 
Yann Tricault1, Mathilde Sester2, Henri Darmency1, Frédérique Angevin3, Nathalie Colbach1 
 
1 UMR1210 Biologie et Gestion des Adventices, 21000 Dijon, France, colbach@dijon.inra.fr  
2 URP-SCRiD, CIRAD, Antsirabé, Madagascar, sester@cirad.mg 
3 UAR1240 Eco-innov, INRA, 78000 Thiverval-Grignon, France, Frederique.Angevin@jouy.inra.fr 
 
 
In regions of sugar beet cultivation, weed beet infestations are responsible for economic losses. Weed 
beet belongs to the same species as the cropped plant, thus rendering herbicide control impossible in 
conventional sugar beet where costly practices such as manual weeding of bolters must be carried out 
instead. Genetically-modified herbicide-tolerant (GMHT) sugar beet varieties might provide an 
alternative in fields heavily infested with weed beet. However, accidental bolting of GMHT plants 
would result in pollen-mediated transgene flow towards weed beets. The objective of the present paper 
was to use a spatio-temporal simulation model for comparing 3 production systems with different 
cultural practices to evaluate the risk of herbicide-tolerant weed beet populations in a small agricultural 
region where GMHT and conventional sugar beet coexist. 
 
Methodology 
The GENESYS-Beet model was specifically designed to evaluate different cropping systems for their 
potential impact on weed beet infestation and transgene dispersal through time and space (Sester et al., 
2007; 2008). Model inputs are (1) the regional field pattern, (2) the crop succession in each field, 
(3) the cultivation techniques used to manage each crop; (4) the genotype of the sugar beet varieties 
(e.g. GM vs. non-GM, male sterility genes); (5) daily climate and soil conditions. The model simulates 
the life-cycle of weed beet in every field as a function of abiotic constraints and cropping system 
variables (i.e. crop, tillage operations, herbicide treatment etc.). The model operates on a daily time step 
with life-stage densities and genotype proportions as state variables. Genotype proportions change 
when the herbicide associated to the transgene is applied (i.e. glyphosate in case of GM glyphosate-
tolerant sugar beet) and during pollination. Gene flow is calculated from the pollen production of 
flowering plants in each field and the individual pollen dispersal function integrated over the whole 
region for every recipient field.  
 
 
The GENESYS-Beet simulation model was used in a case study of a French sugar beet production 
region where 3 types of intensive production systems had been identified (Messéan et al., 2006): 
(1) "potato grower", with a sugar beet/potato/winter wheat/legume/winter wheat/potato/winter wheat 
rotation; (2) "beet grower", with a sugar beet/winter wheat/set aside/pea/winter wheat rotation; and 
(3) "cereal grower", with a sugar beet/winter wheat/pea/winter wheat rotation. The three production 
systems were successively simulated on a real 149 field map extracted from the studied region. At the 
onset of each simulation, the crops of the rotation were randomly distributed in the region. In addition, 
four cropping systems were randomly allocated to these fields (table 1). During the subsequent years, 
Cropping 
system 
Sugar beet 
variety 
% regional 
area 
Ploughing Manual bolter-
weeding 
Initial weed 
infestation (seed/m²) 
A GM 11 Yes none 300 
B non GM 45 Yes none 0 
C non GM 22 Yes 2 0 
Table 1. 
Coexisting 
cropping 
systems in 
farm-type 
simulations D non GM 22 No none 0 
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crops depended on crop rotation. A field once grown with a GM variety was never cultivated with a 
non-GM variety and vice versa. Initial seed banks were empty except for GMHT fields where 
infestations of weed beets justify the adoption of herbicide-tolerant varieties. Simulations lasted 15 
years with the GMHT weed seed bank as the output variable. 
 
Results 
Whatever the production system, all the fields were infested with GM seeds after 15 years. GM seed 
density was largest in GMHT sugar beet fields and ploughed conventional sugar beet fields without any 
 
Figure 1. Mean infestation of cropping systems with GMHT weed
beet seeds after 15 years simulated with GENESYS-beet 
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Figure 2. Effect of the management of GM sugar beet on the GM
seed bank meaned for the various cropping systems in the region
after 15 years of GM cultivation in a traditional sugar-beet region.
manual weeding (Fig. 1). In 
unploughed and twice-weeded 
fields, GM seed density decreased 
considerably. No ploughing was 
even more efficient in the “cereal 
grower” system because the seeds 
were left to germinate on soil 
surface after sugar beet harvest, 
thus reducing seed survival in soil. 
This option is though only feasible 
if the following crop is a wheat 
where weed beet produces few 
seeds. Changing the management 
of the GM field also contributes to 
reducing GM seed bank in both 
GM and non-GM fields (Fig. 2). 
 
Conclusions  
Our simulation results show that 
gene flow is inevitable, both in time 
and in space, but that it varies 
considerably with the cropping 
system. Similar results were 
obtained for oilseed rape. 
Simulation models proved to be 
powerful tools for predicting the 
effect of alternative methods on 
gene flow to and from weed 
populations. But proposals still 
require economic feasibility 
studies. 
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